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LQRUGHU WRHYDOXDWHVWUXFWXUDO LQWHJULW\7UDGLWLRQDOO\ WKHWROHUDEOHVL]HRIGHIHFWVZDVVHWE\ZRUNPDQVKLSEDVHG
FULWHULDWKDWZHUHVRPHZKDWDUELWUDU\DQGDOZD\VFRQVHUYDWLYHVRPHWLPHVH[FHVVLYHO\VR
'HFDGHV RI UHVHDUFK DQG LQGXVWULDO H[SHULHQFH WRJHWKHU ZLWK H[WHQVLYH WHFKQLFDO SHHU UHYLHZ KDV OHG WR WKH
GHYHORSPHQW DQG FRPSLODWLRQ RI VWDQGDUGLVHG URXWHV IRU WKH HYDOXDWLRQ RI VWUXFWXUDO LQWHJULW\ RI GHIHFWLYH
FRPSRQHQWVVWUXFWXUHV,QWKHVHDFFHSWDQFHOHYHOVIRUIODZVDUHUHODWHGWRWKHORDGLQJRQWKHVWUXFWXUHDQGWRPDWHULDO
SURSHUWLHV
















DQG PDWHULDO GDWD KDYH EHHQ GHULYHG E\ DSSO\LQJ FRQVHUYDWLYH DVVXPSWLRQV >±@ 0RUH VRSKLVWLFDWHG URXWHV
UHTXLULQJPDWHULDOVSHFLILFGDWDHJVWUHVVVWUDLQFXUYHWHDULQJUHVLVWDQFHFXUYHFDQDOVREHXVHG7KHVHGLIIHUHQW














































RI FUDFNOLNH GHIHFWV E\ IRFXVLQJ RQ VWUHVV LQWHQVLW\ IDFWRU 6,) DQG SODVWLF FROODSVH VROXWLRQV DV ZHOO DV WKH
VLJQLILFDQFH LQ WKH DVVHVVPHQW RI FRQVLGHULQJ UHVLGXDO VWUHVVHV DQGKRZ WKH SURFHGXUHV DFFRXQW IRU WKH HIIHFWVRI
UHVLGXDOVWUHVVHVRQ WKHFUDFNGULYLQJIRUFH7KH)$')LJ LV WKHPRVWZLGHO\XVHGDSSURDFKIRUDVVHVVLQJ WKH
LQWHJULW\RIVWUXFWXUHVFRQWDLQLQJFUDFNOLNHGHIHFWVVRFRPSDULVRQVZLOOEHPDGHEDVHGRQWKH)$'IUDPHZRUNZKHUH
DVVHVVPHQWUHVXOWVDUHSORWWHGLQWKH)$'SURYLGLQJDVLPSOHDQGVWUDLJKWIRUZDUGZD\RIVKRZLQJWKHGULYLQJIRUFH





D IODW SODWH VROXWLRQ ZDV XVHG IRU WKH 6,) FDOFXODWLRQ ZLWK D F\OLQGHU VROXWLRQ IRU SODVWLF FROODSVH WR REWDLQ WKH
DVVHVVPHQWSRLQWKr, Lr









3.1. Case study 1 
7KHILUVWH[DPSOHLVWKDWRIDFUDFNOLNHGHIHFWORFDWHGLQWKHKHDWDIIHFWHG]RQH+$=SDUDOOHOWRDORQJLWXGLQDO
GRXEOH9JURRYHVHDPRQWKHLQVLGHVXUIDFHRIDF\OLQGULFDOSUHVVXUHYHVVHO7KHSUHVVXUHYHVVHOLVPDGHRI6$




7KHGHWHFWHG IODZGHSWKa PP LV HVWLPDWHG IURPXOWUDVRQLF WHVWLQJ 87 DQG LWV OHQJWK c PP LV
REWDLQHGE\PHDQVRIWKHPDJQHWLFSDUWLFOHLQVSHFWLRQWHFKQLTXH07DVUHSRUWHGLQ>@7KHRXWVLGHUDGLXVDQGWKH
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 5r ysyV V   
ZKHUHy LVWKHORFDOFRRUGLQDWHIRUWKHVWUHVVGLVWULEXWLRQDORQJWKHRXWHUVXUIDFHDQGLVPHDVXUHGIURPWKHZHOGFHQWUH
DQGSHUSHQGLFXODU WR WKHVHDPGLUHFWLRQ,QHTXDWLRQRr LVD UHGXFWLRQIDFWRUDFFRXQWLQJ WKHHIIHFWRQUHVLGXDO
VWUHVVHV RI WKH WHVW SUHVVXUH$FFRUGLQJ WR WKH$3, SURFHGXUH (TV( LQ >@ IRU WKLV FDVHRr  7KH
HOHYDWLRQRIWKHPHPEUDQHUHVLGXDOVWUHVVLQ$3,¨ıys ksi  03DLVJLYHQLQ(T(LQ>@ZLWKıys LQ































3URFHGXUH *HRPHWU\ 6,) 5HIHUHQFH6WUHVV/LPLWORDG
5 3ODWH ,9 
 &\OLQGHU  ,9
%6 3ODWH 0 356
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
)LJ3ODVWLFFROODSVHUDWLRLrIRUWKHVROXWLRQVSURYLGHGLQWKHWKUHHVWDQGDUGV9HUWLFDOGDVKHGOLQHVKRZVUHVXOWVIRUµ&DVH6WXG\¶
)UDFWXUHSDUDPHWHU Kr HVWLPDWHV IRUSULPDU\DQG VHFRQGDU\ ORDGVDQG WKHSODVWLFLW\ LQWHUDFWLRQ IDFWRU 9DUH









 5 %6 $3,
KrP   
KrS   
KrS/KrP   
Vyr/V   
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7DEOH3ODVWLFFROODSVHSDUDPHWHU/UDQGIUDFWXUHSDUDPHWHUUHVXOWV.UIRU³&DVH6WXG\´
5HVLGXDOVWUHVVHV   3HUFHQWDJHGLIIHUHQFH$3,
Deepest point Lr Kr Lr Kr
$3,   QD QD
5    
%6    
Surface point /U .U Lr Kr
$3,   QD QD
R6    
%6    
1RUHVLGXDOVWUHVVHV   3HUFHQWDJHGLIIHUHQFH$3,
Deepest point /U .U Lr Kr
$3,   QD QD
R6    
%6    
Surface point /U .U Lr Kr
$3,   QD QD
5    










HVWLPDWHVKrS/KrP  ZLWKVyr/V VHH7DEOH




























Triangles: API 579, 2007 (Red: RS field as in R6-BS7910)
Squares: BS 7910, 2013 (Global Plate solution - SIF Cylinder)(Green: Thick cylinder soltuion)












Solid: I=90o, residual stresses
Hollow: I=0o, residual stresses
Crossed: I=90o, no residual stresses
Semi-Solid: I=0o, no residual stresses
$3,2SW
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5 3ODWH ,9RU,9 
 &\OLQGHU  ,9//
%6 &\OLQGHU 0 356

































IRUFHLVWKHQQHJOHFWHG SrK  

)LJ7KLUGRUGHUSRO\QRPLDOILWWRDVVHVVUHVLGXDOVWUHVVFUDFNGULYLQJIRUFHDVVXJJHVWHGLQ5,9DQGLQ%64





































































WUHDWPHQW RI UHVLGXDO VWUHVVHV WR HYDOXDWHKrs KDYHEHHQ VKRZQ WR SURGXFH VLJQLILFDQW GLIIHUHQFHV LQKr HVWLPDWHV
+RZHYHUXVLQJWKHVDPHDSSURDFKWRDFFRXQWIRUUHVLGXDOVWUHVVHVUHGXFHVWKHVHGLIIHUHQFHVFRQVLGHUDEO\
7KHPDLQ GLIIHUHQFHV LQKr VROXWLRQV DULVH IURP GLIIHUHQFHV LQ 6,) IRUPXODWLRQ VROXWLRQV DQG WKH WUHDWPHQW RI
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DQGPDWHULDOSURSHUWLHVKDYHEHHQXVHGLQDSSOLFDWLRQRIDOOFRGHVWRH[FOXGHVRPHRIWKHHIIHFWVRIRWKHUIHDWXUHVHJ
SDUWLDOVDIHW\IDFWRUVPDWHULDOSURSHUWLHVHVWLPDWLRQHWFWKDWPD\DIIHFWUHVXOWV
([DPSOHSUREOHPVDQGIURP$3,))6>@ZHUHXVHGDVEHQFKPDUNV([DPSOHSUREOHPFRQVLVWV
RIDFUDFNOLNHIODZSDUDOOHOWRDORQJLWXGLQDOGRXEOH9JURRYHVHDPZHOGRQWKHLQVLGHVXUIDFHRIDF\OLQGULFDOSUHVVXUH
YHVVHOXQGHULQWHUQDOSUHVVXUHZKHUHDV([DPSOHSUREOHPHYDOXDWHVDFUDFNOLNHIODZLQDFLUFXPIHUHQWLDOVHDPRQ
WKHRXWVLGHVXUIDFHRIDSLSHXQGHULQWHUQDOSUHVVXUHDQGJOREDOEHQGLQJ
,QWKHVHDQDO\VHVLWZDVREVHUYHGWKDW
x 7KH$3,VWDQGDUGFRQWDLQHGVROXWLRQVIRUWKHODUJHVWUDQJHRIGLPHQVLRQVIRUWKHFDVHVXQGHUDQDO\VLV
x Lr UHVXOWVGHULYHGE\%6DUHKLJKHUWKDQWKHRWKHUFRGHV
x 'LIIHUHQFHVLQ6,)IRUPXODWLRQVROXWLRQV9IDFWRUDQGUHVLGXDOVWUHVVHVOHDGWRVLJQLILFDQWYDULDWLRQVLQ.U
VROXWLRQV
x ,Q5%6D/HYHOWUHDWPHQWRIUHVLGXDOVWUHVVHVDVVXPHVWKDWWKHPDJQLWXGHRIZHOGLQJUHVLGXDOVWUHVVLV
WKHPHDQ\LHOGVWUHQJWKRIWKHSDUHQWPDWHULDO$3,SURYLGHVDQHOHYDWLRQRIWKHHIIHFWLYH\LHOGVWUHQJWKDERYH
WKHVSHFLILHGPLQLPXP\LHOGVWUHQJWKWRDFFRXQWIRUWKHW\SLFDOHOHYDWLRQRIDFWXDOSURSHUWLHVDERYHPLQLPXP
UHTXLUHPHQWV
x )RU&DVHVWXG\WKH/HYHOQRQXQLIRUPUHVLGXDOVWUHVVGLVWULEXWLRQVXJJHVWHGE\$3,IRUWKHVSHFLILFOHYHO
RIKHDWLQSXWJLYHQLVVLJQLILFDQWO\GLIIHUHQWIURPWKRVHLQ5DQG%6
x %RWKDVWUHVVOLQHDULVDWLRQDSSURDFKDQGDSRO\QRPLDOILWWLQJSURFHGXUHDUHVXJJHVWHGLQ5DQG%6WR
DVVHVVVWUHVVLQWHQVLW\IDFWRUVLQIODWSODWHV
x %66,)VROXWLRQVZHUHDVVHVVHGLQWKLVZRUNLQWHUPVRIEHQGLQJDQGPHPEUDQHVWUHVV5DQG$3,
VROXWLRQVDUHSUHVHQWHGLQWHUPVRIZHLJKWIXQFWLRQVDOORZLQJVWUHVVLQWHQVLW\IDFWRUVWREHHYDOXDWHGIRUDUELWUDU\
VWUHVVILHOGV
x 7KHVWUHVVOLQHDULVDWLRQDSSURDFKLVTXLFNDQGHDV\DQGSURYLGHVDVDWLVIDFWRU\SUHOLPLQDU\VROXWLRQ
x 7KHSRO\QRPLDOFXUYHILWWLQJDSSURDFKXVHGLQµ&DVH6WXG\¶WRDVVHVVWKHKr VROXWLRQE\PHDQVRI5DQG$3,
XVXDOO\UHTXLUHVILWWLQJWKHVWUHVVILHOGE\WKWKRUGHUSRO\QRPLDOV)RUVRPHJHRPHWULHVQXPHULFDO
LQWHJUDWLRQIRUWKHFDOFXODWLRQRIWKHSIF LVDOVRQHHGHG
7KLVSDSHULVSDUWRIDQRQJRLQJSURMHFWDQGWKHVHDUHSUHOLPLQDU\UHVXOWV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRDFNQRZOHGJHSDUWIXQGLQJIRUWKLVUHVHDUFKIURP%3WKURXJKWKH%3,QWHUQDWLRQDO&HQWUHIRU
$GYDQFHG0DWHULDOV3URYLVLRQRIVRIWZDUHE\7:,(')(QHUJ\DQG4XHVW,QWHJULW\LVJUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV
>@ $PHULFDQ3HWUROHXP,QVWLWXWH$PHULFDQ6RFLHW\RI0HFKDQLFDO(QJLQHHUV$3,$60())65HFRPPHQGHGSUDFWLFHIRUILWQHVV
IRUVHUYLFH$3,
>@ %6*XLGHWRPHWKRGVIRUDVVHVVLQJWKHDFFHSWDELOLW\RIIODZVLQPHWDOOLFVWUXFWXUHV%ULWLVK6WDQGDUG,QVWLWXWLRQ/RQGRQ8.

>@ 55HYLVLRQ$VVHVVPHQWRIWKHLQWHJULW\RIVWUXFWXUHVFRQWDLQLQJGHIHFWV(')(QHUJ\*ORXFHVWHU8.
>@ $3,$60())6)LWQHVVIRUVHUYLFH([DPSOHSUREOHPPDQXDO$3,
>@ &UDFNZLVH$XWRPDWLRQRI)UDFWXUHDQG)DWLJXH$VVHVVPHQW3URFHGXUHV%6IRU(QJLQHHULQJ&ULWLFDO$VVHVVPHQW
>@ (UHQ6+DGOH\,DQG1LNELQ.'LIIHUHQFHVLQWKHDVVHVVPHQWRISODVWLFFROODSVHLQ%6DQG5)LWQHW))6
SURFHGXUHV$PHULFDQ6RFLHW\RI0HFKDQLFDO(QJLQHHUV3UHVVXUH9HVVHOVDQG3LSLQJ'LYLVLRQ3939ROSS±
